In recent years, a great interest has been observed in the development and use of new materials in microwave technology. Particularly, a special interest has been observed in the use of superconducting materials in microwave integrated circuits, this is due to their main characteristics. In this paper, the complex resonant frequency problem of a superconductor patch over Ground Plane with Rectangular Aperture is formulated in terms of an integral procedure is used in the resolution of the electric field integral equation. The surface impedance of the superconductor film is modeled using the two fluids model of Gorter and Casimir. Numerical results concerning the effect of the thickness of the superconductor patch on the characteristics of the antenna are presented.
INTRODUCTION
Microwave passive devices such as resonators, filters and antennas are one of the main applications of the high TC superconducting (HTS) materials. They show superior performance and characteristics to the normal metal devices, such as: the power losses are low, reduction of attenuation and noise level, besides the propagation time of signals in the circuit can be greatly reduced [1] - [6] . This allows to be used in several applications such as mobile communications, radars and filters [7] - [10] . The study of the resonant characteristics of High Tc superconducting microstrip antennas has been first studied by [4] using the cavity model. Since the cavity model does not consider rigorously the effects of surface waves and fringing fields at the edge of the patch. Recently; Silva has studied the resonant characteristics of High Tc superconducting microstrip antennas using the full-wave analysis [11] , [12] . It is noted that in the above works, the effect of thin superconducting patch was not studied.
In this paper, the effect of thin superconducting patch loading on the resonant frequency and bandwidth of rectangular microstrip structures illustrated in Figure 1 is investigated. The complex resonant frequency problem considered here is formulated in terms of an integral equation using vector Fourier transforms [13] . The surface impedance of the superconductor film is modeled using the two fluids model of Gorter and Casimir [5] , [11] , [14] . The paper is organized as follows. 
ANALYSIS METHOD
for Superconducting microstrip patch over ground plane with aperture is proposed. The transverse field inside isotropic region (0<z<d) can be obtained via the inverse vector Fourier transforms as:
Where:
In (3) and (4), A and B are to component unknown vectors and Writing (3) and (4) in the plane z=0 and z=d, and by eliminating the unknowns A and B, we obtain the matrix form: 
Equation (7) combines e and h on both sides of substrate as input and output quantities. The continuity equations for the tangential field components at the interface z=d are: (9) is related to the vector Fourier transform of s ( ) J r , the current on the patch, as [19] 
The continuity equations for the tangential field components at z=0 are:
In (12), 0 s ( ) j k is the vector Fourier transform of the current 0 s ( ) J r on the ground plane with a rectangular aperture. In the unbounded air region above the patch the electromagnetic field given by (3) and (4) 
Where 0 s ( ) g k can be easily obtained from the expression of 1 . Combining (6), (8) , (9) and (1)- (14), we obtain a relation among condition is given by [5] :
Where the complex conductivity is given by [5] , [7] 4 4
0 n is the conductivity of normal electrons and T c critical temperature of the superconductor.
The electric field and the surface current densities total in the interface z=d (E , J ) respectively.
By substituting Equation (20) 
Boundary conditions require that the transverse electric field of (21) vanishes on the superconducting patch and the current of (22) varnishes off ground plane, to give the following coupled integral equations for the patch current and aperture field: Table 1 summarizes the calculated resonance frequencies and those obtained through the cavity model [6] for three different widths of the patch and differences between these results dues less than 2% are obtained. Excellent agreement between our results and those calculated by Full-wave analysis [11] and those obtained by Cavity Model [6] is observed and represented in Table 2 . The influence of the thickness of the superconducting film on the operating frequency and bandwidth of the antenna without and with rectangular aperture is studied in Figure 2 and Figure 3 . The thickness of the rectangular patch is normalized with respect to the penetration depth to zero temperature. In the case of the antenna having a rectangular aperture, the size thereof is 163µm x 93.5µm. The characteristics of the superconducting film are: 0 =100nm, n =9. It is noted that when the thickness of the superconductor film increases, the resonant frequency and bandwidth of the antenna without increasing opening as well as to the antenna aperture. Note that the effect of the thickness of the superconducting film is larger for small values of e (e 0.1 0 ). When e exceeds 0.1 0 , the increase in the thickness of the superconducting film slowly increases the resonant frequency and bandwidth. Extreme care should be taken when designing a microstrip antenna with a thin superconducting film, since a small uncertainty when the patch is made may result in a significant gap in the frequency and bandwidth of the antenna. Figure 4 plots the radiation patterns in the E-plane ( =0) and H-plane ( = /2) of a rectangular microstrip patch over the ground planes with and without rectangular apertures in both the air half-space above the patch and the concerning radiation above the patch. It is clear that it decreases with the increase of the size of the aperture. 
NUMERICAL RESULTS AND DISCUSSION

CONCLUSION
We have presented a rigorous full-wave analysis of rectangular microstrip patch over Ground Plane with Rectangular Aperture using superconducting materials. The problem has been formulated in terms of integral equations using vector Fourier transforms. An efficient technique has been used for determining the rectangular patch. The calculated results have been compared with calculated and measured ones available in the literature and excellent agreement has been found.
Extreme care should be taken when designing a microstrip antenna with thin superconducting patch; since small uncertainty in thickness of the superconducting patch can result in an important detuning of the frequency.
